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D—Comparative intensity of cell secretion 

The estimation of gross secretion has shown that, in regard to the total 
essential oil content, organs can be classified as follows, in decreasing order: 
fruit, second-class inflorescential peduncle, leaf lamina, primary class inflores- 
cential peduncle, root, stem. Now, this classification gives no indication on the 
secretory activity level, referred to one cell for each organ. A significant 
estimation requires to consider the relative importance of secretory and ordinary 
cells. This relative importance is indicated in Tab. 6 and 7. It can be seen 
that, on organ sections, the relative surface occupied by secretory cells differ 
according to organs. :V ' 

The ratio surface occupied by canal cells/ordinary cells reach a maximal 
value for fruit, followed by second-class inflorescential peduncle. Knowing this 
ratio and the anethol content of one organ (Tab. 6 and 7), it is possible to 
calculate the relative activity, referred to one cell for each organ (Tab.: 6 and 
7). The results of the calculation are surprising in the case of bitter fennel. 
The relative secretion of t-anethol, referred to one secretory cell reaches the 
maximal value for the leaf lamina. In this case, the relative secretory activity 
of cell lamina is twice more important than for the fruit secretory cell. Similar 
estimations were realized for other components of the bitter fennel’s essential 
qil. Results are summarized in Tab. 8. 
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Tab. 6. Secretory power of secretory cells belonging to the 
principal aerial organs of bitter fennel. ...... 



Ratio 

canals surface 

A ne thiol 

Relative value 
of secretory 
activity referred 
to one 

secretory cell 

Organ 

ordinary cells 
surface on trans¬ 
verse sections 

(concentration 
fig/g (fresh 
tissue) 

Petiole 


1-3% 

170 

1 

Leaf lamina 


1.4% 

1864 

10.2 

Primary class 
inflorescential 
peduncle 


1.1% 

1034 

7.2 

Second-class 

inflorescential 

peduncle 


2.9% 

1788 

4.7 

Fruit 


5.2% 

3419 

5 

Tab. 7. 

Secretory power of secretory cells belonging to 

the principal aerial organs of 

sweet fennel. 



Ratio 

canals surface 

Anethol 

Relative value 
of secretory 
activity referred 
to one 

secretory cell 

Organ 

ordinary cells 
surface on trans¬ 
verse sections 

concentration 
ptg/g (fresh 
tissue) 

Petiole 


1.4% 

327 

1 

Leaf lamina 


2.2% 

690 

1.3 

Pirmary-class 
inflorescential 
, peduncle 


2% 

943 

2 

Second-class 

inflorescential 

peduncle 


3% 

2863 

4 7 ' 

■! Fruit 


4. 9% 

7468 

6.5 


Discussion The comparison of chemical and histological data, concerning 
the secretory system of fennel, has thrown into relief some remarks, which 
will now be discussed. 

First of all, we have established the existence of important variations. of 
essential oil’s composition according to organs. T-anethol is the main component 
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Tab. 8. Relative value of secretory activity for principal components (except 
anethol) of bitter - fennel essential oil. The results refer to one secretory 
cell and are expressed in arbitrary units. 


Organs 

a-pinene 

limonene 

myrcene 

fenchone 

estragol 

anisal- 

dehyde 

Stem 

— 

0.2 

0.2 

—' 

— 

— 

Petiole 

. .W 

0.3 

— 


— 

0.1 

Leaf lamina 

8.3 

126 

2.4 

3.1 

26.4 

3.9 

Primary-class 

inflorescential 

peduncle 

0,04 

0,4 

— ... 

0.2 

0.04 

.— . 

Seccond-class 

inflorescential 

peduncle 

2.2 

0.2 

. 

1.5 

0.3 

— ■ 

Young fruit 
harvested 

26. 03. 83 

4.5 

1.5 

4.6 

1.7 

1.0 

— 

Young fruit 
harvested 

6. 07.82 

5.1 

5.3 

0.8 

2.3 

1.8 

— 

Green fruit ... 
harvested 
16.07.82 

0.7 

3.9 

3.7 

32.0 

2.9 

— 


of essential oils, extracted from the aerial organs, whereas the principal root 
oil constituant is dillapiol. Small amounts of this phenylpropane have been 
detected in the lamina of sweet fennel, but not in the leaf of the bitter variety. 
Reciprocally, the root contains a very small quantity of anethol. 

Another difference has been noticed by comparison of the essential oils 
extracted from root xylem and cortex. Xylem contains some a-pinene, which 
is not present in the cortex, whereas this tissue contains limonene and myrcene. 

In other respects, differences concerning the various aerial organs are prin¬ 
cipally quantitative. On the. whole, qualitative differences may be classified in 
three kinds of aromatic profiles concerning respectively aerial organs, root 
xylem and root cortex. 

To these three patterns (this classification has been established only for 
Sweet Fennel) correspond three structures: 1) Root cortex contains secretory 
bags which are almost spherical and formed of very few cells. 2) Canals of 
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root xylem which have a very small diameter. ' 3) Canals of the aerial organs 
show more numerous secretory cells than those of the root, and their cavity is 
larger specially in the case of pith canals. 

To sum up, it can be said that the essential oil composition doesn’t charac¬ 
terize an organ but a kind of secretory canal. 

This specificity is very strict: in the whole plant, but it may be modified by 
in vitro culture. Indeed, the callus developped at the bottom of a stem .segment 
synthesize dillapiol and on the other hand, its secretory canals get out of shape 
and acquire, finally some likeness to the secretory bags of the root cortex. In 
addition, the composition of essential oil produced by Callus cells without specific 
canals, is quite irregular. It is obvious that there is a connection between the 
nature of the secretion and the histological organisation of the secretory system. 
Any structural alterations of this system carry modifications of essential oil 
composition. . 

A second remark suggested by our results, concerns the discontinuity of 
the secretory canals. Hasty observations of transverse sections can lead to 
believe that the secretory system is composed of canals connected by numerous 
anastomosis. Then, observations of serial sections have enabled us to obtain 
space perception of this system. We noticed that it was composed of numerous 
units quite independent. On the whole, we have detected three discontinuities 
concerning repectively collar, branching of the stem and fruit insertion. The 
drastic modification of essential oil composition which appears on a very short 
length of the collar, may be explained by the progressive substitution of “stem 
type canals” by “root type canals”. No anastomosis exists between these two 
types. 

We must point out that bur results can clarify an apparent opposition be¬ 
tween Hope and Toth’s observations. 

Hope had detected some t-anethol in the fennel root, whereas Toth had not 
extracted anethol from this organ. There was really no mistake. None of 
these two scientists was wrong. The first has worked with bitter fennel of 
which the root contains some anethol; whereas-Toth considered sweet fennel 
root, which is deprived of anethol. 

Another aspect of our work concerns the secretory activity of the canal 
cells. Global analysis suggests that the maximal secreting activity occurs in 
the fruits. But taking into account the ratio secretory cells/ ordinary cells, the 
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fruit preponderance is, reduced. And in the case of bitter Fennel, the activity 

i. 

of the leaf lamina secreting cells is twice this exhibited by the fruit secreting 
cells, at least for anethol and limonene. • • .■ ., •, 

Finally, some of our results can be. applied to Fennel improvement. Work¬ 
ing on the bitter variety, we remarked that plants improved by genetic methods 
(Deneuche), produced fruits containing more secretory canals (6 to. IQ) than 
the basic number. It is possible that this test would help in the development 
of an improvement program. ■■■,.. -v. 

Most of this work was realized in Pernod-Ricard’s laboratory. We . must 
express our gratitude to Mr Patrick Ricard, president of this Society, and;recall 
that his predecessor, Jean Hemard agreed to fundamental research being .per¬ 
formed in his industrial factory. Mr Patrice Desmarets, director of the plant 
physiology department of the Pernod-Ricard Society, has kindly facilitated the 
development of our investigations. . ^ 

Summary 

Our investigations concern relations between the histological structure of 
fennel’s secreting system and the essential oil composition. We considered 
Sweet and Bitter Fennel. ‘ s.,*- -» v-,... 5 

The essence composition fluctuates according to organs, and at the same 
time, canals morphology exihibits modifications. The more chemical and his¬ 
tological differences can be observed between the root and the aerial organs. 

This suggested that the secretory system must be made of small units, 
which are not connected but are really independent.: Serial sections have shown 
that secretory canals are short and independent. This was especially observed 
at three levels: collar, branching and the limit between fruit and peduncle. In 
vitro culture provokes important alterations concerning the essential oil composi¬ 
tion and the secretory System structure, which may be quite different from 
those observed in normal plants. Gross analysis suggests that the secretory 
power of canal cells reaches a maximal value in fruits. But considering the 
ratio secreting cells/ordinary cells, the fruit preponderance is reduced. 

And in the case of bitter fennel, the more active secreting cells are those 
of leaf lamina. The secreting activity of these cells is twice this shown by 
the fruit secreting cells. 
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